Development of hybrid actuation mechanism for prosthetic finger / Mohamad Amlie Abu Kasim by Abu Kasim, Mohamad Amlie
UNIVERSITI TEKNOLOGI MARA
DEVELOPMENT OF HYBRID ACTUATION 
MECHANISM FOR PROSTHETIC FINGER
MOHAMAD AMLIE BIN ABU KASIM
Thesis submitted in fulfillment 
of the requirements for the degree of 
Master of Science
Faculty of Mechanical Engineering
April 2014
AUTHOR S DECLARATION
I declare that the work in this thesis was carried out in accordance with the regulations 
of Universiti Teknologi MARA. It is original and is the result of my own work, unless 
otherwise indicated or acknowledged as referenced work. This thesis has not been 
submitted to any other academic institution or non-academic institution for any other 
degree or qualification.
I, hereby, acknowledge that I have complied with the Academic Rules and 
Regulations for Post Graduate, Universiti Teknologi MARA, regulating the conduct 
of my study and research.
Name of Student 
Student l.D. No. 
Programme 
Faculty 
Thesis Title
Signature of Student 
Date
Mohamad Amlie bin Abu Kasim 
2010419616
Masters of Science (EM 780)
Mechanical Engineering
Development of Hybrid Actuation Mechanism
April 2014
ii
ABSTRACT
A compact and lightweight biomimetic robotic finger with dua degrees of freedom 
which functions closely to a biological finger has been developed. The focus is the 
mechatronic design of a new hybrid mechanism for the actuation of the finger joints. 
The hybrid mechanism consists of a DC Micromotor and a Shape Memory Alloy 
(SMA) actuator. By using a DC Micromotor, a high response rate as well as 
comparable torque and speed can be achieved at the (Metacarpophalangeal) MCP 
joint. By using SMA to actuate the (Proximal Interphalangeal) PIP joint, the finger 
configuration has been miniaturized to anthropomorphically accurate size. A 
customized test jig has been developed for the calibration of SMA wires. A heat sink 
was integrated to the rig for the purpose of cooling of SMA wires. Furthermore, a 
Graphical User Interface (GUI) was develop using Visual Basic.NET to control the 
fingers in three basic modes of operation, i.e open posture (0°), grasp posture (45°) 
and closed posture (90°). A functioned prototype has been built to test the hybrid 
actuation mechanism and the outcomes have been satisfactory.
ACKNOWLEDGEMENTS
Bissmillahirrahmanirrahim,
In the name of Allah, the Most Benevolent and Most Merciful, praise to Allah S.W.T. 
Thanks to Allah for giving me His blessing to complete this Master Thesis, EM780 
(Development of Hybrid Actuation Mechanism for Prosthetic Finger). I would like to 
express my deepest gratitude to my supervisor, Dr.-Ing. Low Cheng Yee, Associate 
Professor Roseleena Jaafar and Dr. Muhammad Hussain Ismail as invaluable 
guidance, consistent advice, sharing his valuable time, encouragement and patience to 
accept my weakness to complete this project in a long time. I would also like to 
acknowledge and express my love and gratitude to my beloved family for their 
understanding and their endless love through this study the entire period. Thank you 
to all the endorsement you all have given me all this time.
Special thanks to all final year students involved to help me in carrying out 
experiments and also prepare the final report. Not forgetting to all members of the 
Laboratory HuRoBs has contributed, directly or indirectly, during the development of 
this project.
Mohamad Amlie 
April 2014
TABLE OF CONTENTS
Page
AUTHOR S DECLARATION ii
ABSTRACT iii
ACKNOWLEDGEMENTS iv
TABLE OF CONTENTS v
LIST OF TABLES viii
LIST OF FIGURES ix
LIST OF ABBREVIATIONS xii
CHAPTER ONE: INTRODUCTION
1.1 Research Background 1
1.2 Motivation 1
1.3 Background of Prostheses 2
1.4 Problem Statements 4
1.5 Objectives 5
1.6 Scope of Studies 5
1.7 Significance of Studies 6
CHAPTER TWO: LITERATURE REVIEW
2.1 Overview 7
2.2 Review of Actuators 7
2.3 Shape Memory Alloy 8
2.3.1 Working Principle of SMA Wire 10
2.3.2 Phenomenology of SMA Wire 12
2.3.3 Application of SMA in Robotic Field 13
2.4 Pneumatic Actuators 15
2.5 Hydraulic Actuators 16
2.6 Electronic Motors 17
2.7 Solution of Hybrid Actuation System 19
